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1. Introduction 
The biological activity of complexes of the 
nucleic acids with small molecules has been studied 
extensively in recent years, particularly using the CD* 
method [ l-101 , because of its high sensitivity to 
the conformation and mutual orientation of inter- 
acting molecules. But still the problem of CD spectra 
interpretation is not solved and it is impossible to 
obtain most of the required structural information 
from CD spectra of the complexes. By coventional 
experimental procedures one can determine the 
average value of the components of the CD-tensor 
only, whilst evaluation of the individual components 
would give us much more information. 
This work aims to determine the CD-components- 
&,I and “el - for the DNA-PF complex. We oriented 
the complex along the light beam by means of a 
multi-capillaries flow-cell by the method used by 
Chung and Holzwarth [ 1 l] . The CD effect of the 
DNA-PF complex in the visible region shows an 
essential anisotropy - b,, and ner have opposite 
signs. The component perpendicular to the DNA 
helix axis - ner - has rather a big amplitude, there- 
fore the PF chromophore cannot be perpendicular 
to the DNA axis. First results concerning anisotropy 
of the DNA-dye complexes in u.v.-region will 
appear elsewhere [ 121. 
2. Experimental 
2.1. Materials 
DNA isolated from E. coli with mol. wt - 3.10’ 
*Abbreviations: CD, circular dichroism; PF, proflavine, 
3,6-diaminoacridine. 
North-Holland Publishing Company - Amsterdam 
was used for the experiments. Proflavine was purchased 
from BDH (England). All measurements were done in 
0.01 M phosphate buffer, pH 6.9. 
2.2. CD measurement 
CD spectra were recorded on a Mark III dichro- 
graph ‘Jobin Yvon’ (France). CD spectra of the 
oriented DNA-PF complexes were measured with a 
flow cell, similar to that of Chung and Holzwarth 
[ 111 . The only difference being that metallic 
capillaries nontransparent to visible light were used. 
The capillaries had 0.45 mm inner diameter, 0.05 
mm wall thickness, and 28 mm length. The space 
between the inner surfaces of the two windows was 
30 mm, leaving a 1 mm gap at each end for the 
fluid to enter and leave the capillaries. 
The specific CD effects measured with light 
propagating parallel to the helix axis - u!, - 
and perpendicular to this axis - Del - were 
evaluated from two expressions [ 1 l] : 
A,,=(1 -b)Ae+b+, (1) 
be = (AC,, + 2ne1)/3 (2) 
where kf and & are CD amplitudes measured with 
flow-orientation and without it; b - the parameter 
indicating the degree of orientation was estimated 
for the DNA without dye by absorbance measure- 
ments [l l] . 
2.3. Absorbance measurement 
Absorbance spectra of the complexes were 
recorded on a ‘Specord UV-VIS’ spectrophotometer 
(Carl Zeiss, Jena). The degree of orientation was 
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obtained using a Cary-16 spectrophotometer from 
the following expression: 
++L = b (1 -- 3 sin’ (~)/2 (3) 
where Q is the inclination angle between the normal 
of base plane and the helix axis; in practice b is small 
and for DNA in the B-form can be ignored. The 
accuracy of the b-value was about 0.02; so the 
uncertainties in t*,, and Ael amplitudes are about 
IO-~ 15%. In calculations of the nE,, and *eL values 
WC used the b parameter for the ligand-free DNA, 
so we ignore the possible changes of b due to the 
stiffening of DNA caused by the absorption of the 
dye molecules. The control experiment showed that 
this effect did not influence the b-value [ 171 
3. Results and discussion 
The cell system used in our experiments was 
first tested for CD-measurement of free DNA in 
the B and C forms. The results thus obtained were 
quite analogous to those of Chung and Holzwarth 
[Ill. 
CD spectra of the isotropic sample of the DNA-PF 
complex (curve 1) and flow-oriented complex (curve 2) 
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Fig.2. Specific circular dichroism spectra of the DNA-PF 
complex: curve 1 - CD spectrum parallel to the DNA axis; 
curve 2 - CD spectrum perpendicular to the DNA axis; 
curve 3 - absorption spectrum of PF in complex with DNA, 
the right hand ordinate corresponds to curve 3. 
are presented in fig.1. Curve 3 of the same figure is 
the difference “ef ~ *E (of curve 1 and curve 2), 
the right ordinate gives the molar values for curve 3. 
From the data shown in fig.1 it is evident that the 
orientation causes an increase of both CD-components 
in the spectrum of the DNA-PF complex. 
Based on b = 0.12 and eqs. (1) and (2), the 
resolved specific CD spectra parallel to the helix 
axis, AE,,, and perpendicular to the helix axis, 
*cl, are presented in fig.2. The accuracy of the 
amplitude determination is about 15%. The possible 
increase of b value (0.12) which may be caused by 
stiffening of the DNA by the dye molecules [13,14] 
Fig.1. Circular dichroism of DNA-PF complex ([PI = 
1.62.10-’ M, (PF] = 2.91.10e6 M) -curve 1; flow- 
oriented complex (b = 0.12 ? 0.015) - curve 2; difference 
AE 
va f 
- QE - curve 3, the right hand ordinate gives molar 
ues for curve 3. Light-path of the cell - 30 mm, DNA 
from E. coli in 0.01 M phosphate buffer pH 6.9, 22°C. 
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Fig.3. Transition dipole moments of two dye molecules 
bound to a helical polymer, fill - component of the 
moment parallel to the polymer helix axis, p, - radial 
and pClt - tangential components. 
does not influence significantly the shape of the 
specific CD components but slightly changes their 
amplitudes. 
These components AE,, and nfl are of opposite 
sign, the amplitude of neL is nearly one third that 
of u,,. Fig.2 shows the CD effect of the DNA-PF 
complex to be strongly anisotropic, which leads to 
the conclusion that the CD spectrum of unoriented 
samples of DNA-PF complex is a result of cancella- 
tion between ttvo components of opposite signs. The 
same phenomenon was found by Chung and 
Holzwarth [1 l] with pure DNA molecules. 
The CD effect in the longwave band of the 
DNA-PF complex is due to chromophore-chromo- 
phore interaction between the adjacent dye molecules 
on the DNA [2-41. This chromophore-chromophore 
interaction splits the band of PF producing the CD- 
effect of conservative mode [2,4] . It is known, 
that the electric transition moment for the longwave 
adsorption band of PF lies parallel to the long axis 
of the PF chromophore [15]. The scheme with two 
PF molecules in helical arrangement is shown in fig.3. 
The electric transition moments in this case can be 
resolved in three components: p ,, - vertical, along 
the axis; p,. ~ radial; pt - tangential. The sum of 
pr and /_+ we may denote as pL. 
The CD effect measured with light propagating 
parallel to the helix axis -AC,, ~ is due to the square 
of the pI component; while Ael arise from two 
components - p,, and ~1~ - and is proportional to 
its product: ~,,+L~ [16,17]. It is known that the 
DNA molecule possesses CZ symmetry and the PF 
molecule ~ C2”; it would be quite natural to 
suppose that in the complex both axes must 
coincide and the complex will possess CZ symmetry 
[18] . For this reason y must bc equal to zero and 
ul is caused only by the product of 4, and pL. 
If the dye chromophores are perpendicular to 
the DNA helix and are situated between the adjacent 
base pairs - intercalated in DNA [ 191 - p,, must be 
equal to zero and Ael = 0. If the dye chromophore 
is not exactly perpendicplar to the helix axis, and 
the deviation from perpendicular is not big (3%4’), 
nEL f 0, but its amplitude will be much smaller than 
the amplitude of *E,,. In fig.2 we can see an opposite 
situation - [he1 1 - &l/3. For this reason we must 
conclude that the dye chromophore is not perpcndi- 
cular to the DNA axis. A detailed theoretical 
consideration of this situation will appear elsewhere 
[ 171 , but preliminary results give a value of 25-30” 
for the inclination angle between the normal of 
the dye plane and the helix axis. This value is 
slightly bigger than in the model of Gursky [18]. 
The experimental results presented above are 
in contradiction to those obtained by Mason and 
McCaffery in 1964 with the DNA-Acridine Orange 
complex [20]. The most probable reason of this 
discrepancy, the two dyes being similar is the low 
sensitivity of the CD-instrument used by Mason and 
McCaffery, and the ignoring of the real value of 
the degree of orientation. Our preliminary results 
with the DNA--Acridine Orange complex are in 
accord with those obtained with DNA-PF: both 
complexes exhibit similar effects of orientation. 
The results presented here can principally give 
us information about the orientation of the dye mole- 
cules in the complex [ 171, and in any case show that 
the configuration of the DNA-PF complex deviates 
from that which had been proposed in the initial 
model of intercalation [19] and probably from those 
which were proposed later by Fuller and Waring 
[2 1 ] and Prichard, Blake and Peacock [22]. 
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